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INTRODUCTION
The economic loss occasioned by neonatal dis-

ease in young calves has been recognized for
many years. It is apparent from postmortem
and bacteriological examination of such calves
that there are many causes of this loss; however,
colibacillosis infection caused by Escherichia coli
is by far the most common (117, 147). The clinical
syndrome believed to be associated with coli-
bacillosis may vary considerably. Calves may be
affected with diarrhea for prolonged periods of
time, or they may die suddenly with an acute
septicemia. There are, however, other diseases of
calves which may simulate colibacillosis (i.e.,
acute septicemias caused by Streptococcus, Diplo-
coccus, Pasteurella, and Salmonella spp.). There
are also a variety of conditions, both infectious
and noninfectious, which may cause diarrhea in
young calves. Many of these may be differ-
entiated from colibacillosis on clinical, patho-
logical, or bacteriological grounds, but others,
especially those manifest primarily by diarrhea,
are more difficult to identify. By nature of its
habitat, E. coli may be isolated from the feces in
all of these diseases; in fact, routine cultural
methods tend to select for it. Because of this, it is
extremely difficult to assess the significance of an
isolation of E. coli from a specimen, and there is
even greater difficulty in assessing reports in the

literature dealing with such isolations. A further
problem exists in that a reliable method of classi-
fying E. coli was not available until the 1940's.
It is not surprising, therefore, that some doubt
still exists as to the role played by E. coli in
neonatal disease in calves, especially its signifi-
cance in the etiology of diarrhea or "calf scours."
In part, this is probably the result of many
workers dealing with diarrhea in calves as an
entity rather than as a clinical sign.
The literature on scouring and death in calves

was last reviewed in 1955, by Lovell in English
(119) and by Fey in German (50). The purpose
of this review is to summarize literature dealing
with the isolation of E. coli from calves and to
attempt to assess the significance of this bac-
terium in neonatal disease and death of calves.
For this purpose, the syndromes associated with
colibacillosis have been divided into three forms
on clinical and bacteriological grounds and on the
grounds of possible pathogenesis.

(i) The colisepticemic form of colibacillosis
usually results in the rapid death of the calf and
is associated with an E. coli bacteremia. Although
many strains of E. coli have been isolated from
cases of colisepticemia, the isolations from the
internal organs of a given case are of a single
strain in pure culture.

(ii) The enteric-toxemic form is also associated
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with the collapse and rapid death of the calf,
but it is associated with the proliferation of cer-
tain specific strains of E. coli in the small in-
testine. There is no bacteremia, and death is
presumably due to a toxemia. This form is prob-
ably analogous to that called isocolibacillosis in
some earlier publications.

(iii) The enteric form is part of the syndrome
of the scouring calf. Death may or may not occur
depending upon the severity of the physiological
derangements produced.

IDENTIFICATION AND CLASSIFICATION OF THE
E. COLI GROUP

It is not intended to review here the literature
pertaining to the classification and identification
of the E. coli group within the family Entero-
bacteriaceae; however, a brief description of the
group and of the nomenclature as used in this
text is included here for purposes of clarification.
The precise and detailed definition of the E. coli
group, the required biochemical characteristics,
and the methods used for identification may be
found in Edwards and Ewing's Identification of
the Enterobacteriaceae (39) from which much of
the following description has been drawn.
The family Enterobacteriaceae is composed of

gram-negative rods which may or may not be
motile, and it attacks glucose with the production
of acid or acid and gas. Nitrates are usually re-
duced to nitrites. On the basis of further bio-
chemical reactions, the family may be arranged
into divisions and then into groups, one of which
is E. coli. These groups are not distinct, but form
dense populations within the family which have
certain biochemical properties. Within the E. coli
group, the individual strains are identified by
serological methods. These serological types can
be further divided or classified by biochemical
characteristics, phage susceptibility (141, 197),
and susceptibility to colicines (10, 57, 75, 114,
148).
Early attempts at the classification and identi-

fication of individual strains of E. coli were of
limited value, and it was not until the 1940's that
a reliable method of serological typing was de-
veloped. In 1947, Kauffmann (101) published an
antigenic schema for E. coli which was based on
his own previous work and that of Knipschildt
and Vahlne. This has subsequently been enlarged
by other workers [for complete references, see
Edwards and Ewing (39)].

There are three main antigens of E. coli which
are used in its identification: (i) 0 or somatic
antigens, (ii) K antigens which occur as capsules
or microcapsules, and (iii) H or flagella antigens.
The difficulty encountered by earlier workers in

serotyping E. coli was apparently due to the K
antigen which, when present, prevents the ag-
glutination of the 0 or somatic antigen by the
homologous sera. In earlier work, Smith and
Bryant (210) noticed that, under certain condi-
tions, colonies of E. coli gave rise to translucent
outgrowths which microscopically were found to
be devoid of a capsule. This is one method of
removing the K antigen to allow for 0 group
identification. The K antigen may also be re-
moved by heat. However, there are differences in
heat susceptibility of these K antigens, and it is
on this basis that they are further subdivided
into three groups.

(i) The L-type K antigens are completely de-
stroyed by heat at 100 C for 1 hr, thus rendering
the 0 antigen agglutinable in 0 antisera. They
retain no antigenicity and lose their ability to
combine with homologous K antisera.

(ii) The B-type K antigens are also destroyed
by heat at 100 C for 1 hr and lose their anti-
genicity. However, they retain their ability to
bind or combine with their homologous antisera.

(iii) A-type K antigens are not inactivated by
heat at 100 C, but require heat at 121 C for 2.5 hr
before the 0 antigen becomes agglutinable.

Recently (146), it was shown that there is
some variation with certain K antigens, and
that certain E. coli strains may possess more than
one type of K antigen.
The 0 antigens are not single antigens, but

they are composed of several antigenic com-
ponents and, therefore, are called 0 group anti-
gens. Different 0 groups may share some of these
antigenic components; hence, there are many
cross-relations between 0 groups. As might be
expected, these antigenic cross-relations are not
restricted to within the E. coli group, but also
occur between it and other groups in the family
Enterobacteriaceae with all antigens (44).

Flagella, or H antigens, may or may not be
present.

All of these antigens are named numerically,
the 0 group antigen being given first, followed
by the K antigen and then the flagella antigen;
e.g., 026: K60:H11. Human enteropathogenic
E. coli all possess B-type K antigens, and, oc-
casionally, these are numbered separately; e.g.,
026:B6:H11. When the full antigenic structure
of a strain is known, it may be called a serotype.
Since it is not always possible to completely de-
fine a newly isolated strain in terms of Kauff-
mann's schema, regional designations are given
to these strains, and a formula such as 0101: K(A)
RVC 118 may be seen. This indicates that the
strain belongs in 0 group 101 and possesses an
A-type K antigen serologically indistinguishable
from the Royal Veterinary College strain no. 118.
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Other strains which have been fully identified
may still have the original strain name following
to identify their source; e.g., 0137:K79:H41
(RVC 1787).
Other antigens, both group-specific and non-

specific, have been described for E. coli (18, 31,
106, 107, 164, 203, 225, 245), but these are not
used for the classification of the group, and, in
most cases, their significance is not known.

Certain strains of E. coli are hemolytic (120,
203), and, as this property is usually possessed by
certain serotypes pathogenic for pigs, it is used
to facilitate their isolation and identification.

NORMAL BACTERIAL FLORA OF THE CALF
INTESTINE AND ITS ABERRATIONS IN

CASES OF COLIBACILLOSIS

Despite the fact that strains of E. coli have
been incriminated in cases of scours, there is a
surprising lack of publications on the develop-
ment and distribution of the normal intestinal
flora of the calf, the relationship between the
various bacterial species involved, and the aberra-
tions of these in cases of scours. Of the large
animal group, the intestinal flora of the pig has
been most extensively studied (36, 84, 103, 121,
122, 124, 151, 152, 162, 246, 248). It is evident
from these and other publications (66, 67, 73,
94, 201) that the relationship between various
bacterial species in the intestine and their dis-
tribution varies greatly in the normal animal and
is influenced by such factors as age, diet, pH,
oxidation-reduction potentials in the various
portions of the intestine, and antagonisms and
synergisms between and within the bacterial
species involved.
Although Hagan and Williams (74, 247) found

evidence of in utero contamination of the calf
intestine, it is evident that the main colonization
of the intestine occurs after birth, the bacteria
originating from the environment (134, 171, 199,
200, 241, 250). In terms of total fecal flora, the
maximal numbers are reached by 24 hr (134, 199,
200, 241). At this time, the flora is comprised
mainly of E. coli, Streptococcus spp., and Clos-
tridium perfringens, with Lactobacillus and Bac-
teroides species appearing on the second day
(199, 200). These various bacterial species persist
in high numbers for periods of time which vary
with the species, but gradually decrease in num-
bers to a lower plateau after this initial peak.

There are conflicting reports regarding the
distribution of these bacteria in the intestinal
tract of calves. Until recently, knowledge of this
subject was based entirely on the early studies of
Carpenter and Woods (21) and Smith and Orcutt
(208). In these studies, which dealt primarily with

E. coli, the intestinal flora of healthy calves was
compared with that of scouring calves. In the
healthy calf, E. coli and other bacteria were
prevalent only in the large intestine and the
distal portion of the small intestine; the medial
and proximal portions of the small intestine were
described as being virtually free of bacteria, ex-
cept for a few streptococci and lactobacilli. In
contrast to this, it was found that, in calves dying
of "scours," E. coli was present in large numbers
in the upper small intestine. The numbers found
were such that they were described as carpeting
or coating the mucosal surface (208). From these
findings it was concluded that scouring in calves
was the result of an active invasion and prolifera-
tion of E. coli strains up into the medial and
proximal portions of the small intestine, an area
where they were not normally present.

In both of these studies, the methods used to
determine these results were insensitive and
subject to error. Despite this, these results were
generally accepted, and, other than some debate
over the significance of the proliferation of E. coli
in the pathogenesis of scouring (13), they have,
until recently, remained unchallenged. Recently,
however, Smith (202) examined the intestinal
flora of calves using more exacting methods. In
contrast to the earlier studies, Smith found that
E. coli was prevalent throughout the intestinal
tract of the healthy calf. Although he found a
marked increase in number of E. coli from the
proximal to the distal portion of the small in-
testine, the only bacteria which showed a definite
selective distribution in the intestine were
Bacteroies spp. and C. perfringens. Recent publi-
cations on the intestinal flora of pigs indicated
that this distribution may be true for this species
also (36, 84, 121, 151). There is little doubt that
the superior methods of Smith (202) allowed a
more exact demonstration of the intestinal flora
than did those methods of Carpenter and Woods
(21) and Smith and Orcutt (208), and, therefore,
Smith's description of this flora is the more ac-
ceptable.

Smith (202) also examined the intestinal flora
of scouring calves, and again his findings differed
from those of the earlier workers. Smith found no
evidence of a proliferation of E. coli in the small
intestine of the scouring calves and, in fact, could
find no evidence for associating E. coli with this
syndrome at all. This finding has led some people
to discount the earlier works of Carpenter and
Woods and Smith and Orcutt and to assume that
E. coli is not of etiological significance in scouring
calves. However, these opinions are ill-founded;
scouring in calves is not an entity, and it is quite
possible that the disease described by Smith was
different from that described by the earlier
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workers. This is purely conjecture in the case of
the disease described by Carpenter and Woods,
but, in the case of Smith and Orcutt, there is
reasonable evidence for this. The description
(210) of the E. coli strains isolated from the sick
calves in Smith and Orcutt's study led Wramby
(251) to conclude that these strains were mucoid
E. coli possessing A-type K antigens. This type
of E. coli is associated with a specific form of
colibacillosis (the enteric-toxemic form) in which
tremendous numbers of E. coli are found in the
small intestine (60b). The clinical and bacterio-
logical syndrome described by Smith and Orcutt
(208) fits that of this form of colibacillosis. There-
fore, it is apparent that Smith (202) was describ-
ing a form of diarrhea in calves in which E. coli
apparently played no significant role, whereas
Smith and Orcutt (208) and perhaps Carpenter
and Woods (21) were describing a specific E. coli
infection. There have been no further studies of
this kind, and the deviations from normal, if any,
in the intestinal flora of calves with the enteric
form of colibacillosis remain to be determined.
Thus, there is no knowledge of the mechanism by
which E. coli might cause diarrhea. The physio-
logical and biochemical derangements associated
with diarrhea in calves were studied by Blaxter
and Wood (13), McSherry and Grinyer (135), and
Roy et al. (179).
Kauffmann and Perch (100) and Wallick and

Stuart (243) observed that the E. coli strains
within the intestinal flora of man were not stable,
but were continually changing. Sears et al. (186,
187, 188) confirmed this by showing that the in-
dividual strains comprising the E. coli flora of
healthy men and dogs could be divided into resi-
dent and transient strains according to the pat-
tern of their isolation from the feces. The resident
strains, of which there were only one or two at
any one time, were the predominant strains in
terms of numbers and persisted as the dominant
strains for several weeks to several months before
being displaced by another strain which then
became resident; the transient strains, of which
there might be three or four at any one time, were
few in numbers and persisted at the most for
only a few days. A similar relationship was subse-
quently shown in the E. coli intestinal flora of
infants (58), horses (180), and calves (197, 199,
200, 250). The factors involved in this dominance
or antagonism of one strain to another are not
fully known. The production of colicines by
strains of E. coli may be of some importance in
maintaining them as resident strains (15), but,
generally, this is not believed to be a major factor
in the ability of a strain to establish itself as a
resident (163, 186, 226). It was shown that host
antibody to the E. coli strains involved plays no

part in the phenomenon (61, 163, 175). Recently,
an attempt was made to study this antagonism
between certain strains of E. coli in vitro (220).
The few studies which deal with the intestinal

flora of the calf have been presented. There is
not sufficient information on this subject avail-
able at present to allow many conclusions to be
drawn. There has been only one exacting study
of the distribution of the intestinal flora of calves,
and the factors which govern this distribution
are unknown. There is evidence that a specific
change occurs in this flora associated with the
enteric-toxemic form of colibacillosis, but it has
also been shown that diarrhea unassociated with
E. coli may occur without any change in the
intestinal flora. Confusion has arisen over the
interpretation of these findings, and may occur
in the interpretation of the findings of future
studies of this kind if due emphasis is not given
to determining the etiology of the disease studied.

RELATIONSHIP OF INGESTION OF COLOSTRUM
TO SEPTICEMIC INVASION BY

E. COLI

In a series of papers published in the 1920's
(204, 205, 206, 208, 209), Theobald Smith and
co-workers observed that calves deprived of
colostrum almost invariably died, death being
due to the invasion by E. coli and a resultant
septicemia. They concluded that the serum of
the calf deprived of colostrum lacked something
which permitted the invasion of these intestinal
bacteria. It was subsequently shown that calf
serum was devoid of globulins and agglutinins
until after the ingestion of colostrum (86, 206),
and it was believed that the acquisition of these
or, more specifically, of antibodies against E. coli
(213, 214) was the protective factor. Calves de-
prived of colostrum which survived often had
residual lesions of a septicemia (204, 209).

These observations of Smith pertaining to
the significance of colostrum were confirmed
shortly thereafter by a series of papers by
Aschaffenburg and co-workers (1, 2, 3, 4, 5). They
fed unsuckled calves various fractions of colos-
trum or a colostrum-like substance rich in vita-
mins. Only those calves receiving the globulin
fraction of the colostrum, or fractions containing
it, survived and grew well. The majority of the
colostrum-deprived calves, including those fed
the high vitamin feed, died. The survivors failed
to grow as well as the colostrum-fed calves. As
little as 80 ml of the aqueous fraction of colostrum
or 14 g of immune lactoglobulins protected the
majority of calves against colisepticemia, and
there was some evidence that, within certain
limits, the incidence of scouring decreased, and

78 GAY



E. COLI AND NEONATAL DISEASE OF CALVES

the live weight gain improved in proportion to
the amount of colostrum fed.

These two sets of experiments established
definitely the value of the colostrum to the new-

born calf, especially its protective value against
colisepticemia, the main protective factor being
associated with the immune lactoglobulins.

TRANSFERENCE OF IMMUNITY FROM THE DAM
TO THE CALF

For many years, the importance of colostrum
to the calf was thought to rest with its costive
action (85), although Ehrlich (40), as early as
1892, demonstrated that immunity could be
passed from the mother to the young via the
milk. Ehrlich's observations and subsequent
ones were summarized up to 1912 by Famulener
(47) in an extensive review. Famulener, drawing
upon the results of these previous experiments
and his own, postulated that the young acquired
their maternal passive immunity from the in-
gestion of antibodies contained in the colostrum.
After immunizing goats against sheep red blood
cells, he demonstrated that the colostrum con-
tained antisheep erythrocyte hemolysins, often
in titers two to three times as great as those of
maternal blood at the time of parturition. The
serum of the offspring remained devoid of hemo-
lysins until after it had been fed colostrum or

hemolysin-positive serum. From this, he postu-
lated that the colostrum contained, in addition
to normal milk proteins, immune serum proteins
derived from the maternal blood and that these
were absorbed unchanged through the gut wall
of the young animal. He also observed that this
absorption did not occur after a few days of life.
Subsequent work has tended only to confirm
these observations and postulations.

Nature and Origin of Immune Proteins of
Bovine Colostrum

Famulener observed that hemolysins were also
present in postcolostral milk, but that their
presence was variable. Using salt precipitation
techniques, Howe (85) was unable to demon-
strate the presence of globulins in the milk of
cattle, but their presence was subsequently
demonstrated by electrophoretic and immuno-
logical methods (33, 79, 177, 194). Normally,
these immune globulins account for only approxi-
mately 10% of the protein of milk whey, but
this level may be increased by hyperimmunizing
the cow (33). About 1 month before parturition,
the globulin concentration in the udder secretion
of the cow commences to rise, reaching a maxi-
mum approximately 5 days before calving (11,
79, 110); this is evidenced by the high concentra-

tion (54 to 55% of total proteins) of globulin
found in colostrum at the time of parturition.
Globulins also account for a high proportion of
precolostral secretion in heifers (11, 132). The
relationship of these colostral immune proteins
to those of maternal blood serum was studied
chemically by Crowther and Raistrick (27) and
immunologically by Wells and Osborne (244).
No difference between the two could be detected
by either method.
Smith (191, 196) fractionated the various pro-

tein constituents of maternal serum and colos-
trum and studied the various components elec-
trophoretically. He found that the immune
activity of the colostrum was confined to the two
fractions associated with the lactoglobulins which
could be separated by dialysis into water-soluble
pseudoglobulins and water-insoluble euglobulins.
In comparing these with y- and T-globulins
prepared from the maternal serum, he found
that the colostral globulin differed markedly
from maternal y-globulin in isoelectric point and
electrophoretic motility, but he could not differ-
entiate between the colostral immune globulins
and the serum T-globulins by these methods. He
also failed to detect any difference between the
two by anaphylactic tests but found that, al-
though they were qualitatively similar with re-
gard to carbohydrate and amino acid content,
they differed quantitatively with respect to
certain amino acids (192), the difference being
reflected in their absorption spectra (193). On
this basis, he concluded that the immune pro-
teins of bovine sera and colostrum were not
identical. Smith's views were not supported by
the electrophoretic studies of Polson (161) or of
Pierce (153). Other work also indicated that the
colostral globulins were the same as those of the
maternal serum (6, 11, 12, 59, 108). It remained
for Larson (109) to show the association between
the immune globulins of colostrum and those of
the serum; there was a considerable fall in blood
serum proteins during the period just before
parturition, and this fall coincided with the time
at which the protein content could be shown to be
increasing in the udder secretion. This fall in
serum proteins was due to a loss of f-2 and wy-1
globulins (-y-1 = Smith's T fraction), there being
no loss of -y-2 globulin from the blood (y-2 =

Smith y). The increase in protein content of the
colostrum was primarily due to a tremendous
increase in p-2 and y-1 globulins, and this gain
was quantitatively equivalent to the loss from
the blood serum.

Acquisition of Immune Proteins by the Calf
By means of salt precipitation, Howe (85)

demonstrated that these globulins did not appear
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in the serum of the newborn calf until after the
ingestion of colostrum, and the acquisition of
antibodies was shown subsequently to be entirely
dependent upon the acquisition of these globulins
(115, 142). The feeding of bovine serum (86, 205)
or purified pseudoglobulin (77) also results in the
appearance of 'y-globulin in the serum of the calf.
These principles have been confirmed by other
methods (78, 92, 95, 127, 129, 131, 153, 161, 242).
The immune proteins of the colostrum and those
appearing in the calf serum after its ingestion
have the same properties (77, 79, 95, 191, 195)
and, therefore, appear unchanged by this trans-
fer. The site of absorption of these proteins is the
small intestine and proteins passing through the
epithelial cells to reach the lymphatics (8, 25, 26).
They may be detected in the thoracic duct 1 to
2 hr after the introduction of the protein into
the duodenum (25), a time interval which ap-
proximates that observed by Little and Orcutt
(115) and by McDiarmid (131) for the appear-
ance of agglutinins in the blood after the ingestion
of colostrum.

Famulener's observation, that the absorption
of antibodies through the intestinal wall was
limited to a short time after birth, has been well
substantiated, and it appears that, in ruminants,
very little absorption occurs more than 24 to 36 hr
after birth (25, 34, 77, 130, 154, 158, 215, 221).
The bare statement of these limits, however, gives
a false impression, for it has been shown that,
in terms of absorption of antibody to a somatic
antigen of E. coli, this function is reduced almost
50% at 16 hr after birth (98). In some calves,
this function may be lost as early as 6 to 8 hr
after birth (Gay, unpublished data). The factors
involved in this cessation of intestinal perme-
ability are unknown, but digestive degradation
of the proteins does not appear to play a part (34,
215) as was originally thought (83, 111).
The absorption of protein from the intestine

of newborn herbivores is not as selective as it is
for some other animal species (176), because
proteins of low molecular weight, such as ,3-lacto-
globulins, are absorbed along with the immune
lactoglobulins (7, 9, 34, 156, 158, 161). The
former are cleared from the blood by the kidneys;
this results in a proteinuria which lasts for ap-
proximately the same period of time that the
intestine is permeable (34, 86, 154, 155, 156, 157,
158, 207). The immune lactoglobulins are largely
retained, very little being filtered out via the
urine. The principal constituent of the protein-
uria is f-lactoglobulins (34, 154, 155, 156, 157,
158). This subject was discussed in some detail
in an article by Pierce which was given at the 13th
Symposium of the Colston Research Society
(159).

The degree and duration of the protection
afforded by these colostral antibodies is difficult
to assess. For example, Thorpe and Graham (233)
noticed great variation in the persistence of the
titer to Brucella abortus in the sera of calves
which had suckled positive dams. McDiarmid
(131) believed this variation in persistence of
titer to be dependent to a certain extent upon the
initial titer in the calf. Electrophoretically the
immune components of the sera of calves have a
half-life of about 16 days; however, the antibody
levels to different antigens do not necessarily de-
crease in this order, and their half-lives vary
considerably (24, 104, 195).

Conclusions on Transference of Immunity

It is now well established that the newborn
calf acquires its maternal passive immunity solely
via the colostrum. There is little doubt that the
immune lactoglobulins of the colostrum are de-
rived directly from the blood serum globulins of
the dam, and that they are absorbed, unchanged,
through the intestinal wall of the calf. However,
there is little known of the mechanism of this
absorption and of the factors which control it.
Although the period of time after birth during
which this absorption can occur has been es-
tablished, there is almost no knowledge of the
relative absorption capacity of the intestine at
various intervals during this period of time. The
importance of this information is discussed later
in this paper.

NATURE OF COLOSTRAL PROTECTION
Briggs (16, 17) studied serologically the E. coli

strains that were isolated from the dead calves
in the previously mentioned experiments of
Aschaffenburg and co-workers. By typing with
immune sera prepared from five of these strains,
he found that he could classify the majority of
the other 102 strains isolated. Briggs demon-
strated that the majority of his strains possessed
K antigens. He found that, to protect mice
against lethal doses of these E. coli, the antisera
given had to contain the relevant K antibody,
since 0 group antibody had little protective value.
This was also previously demonstrated by Smith
(212). Briggs also found that the K agglutinin
content of bovine colostrum was related to its
ability to protect mice. By applying this inter-
pretation of the importance of K antibody, he
was able to determine that the colostrum fed to
11 calves which had subsequently died of coli-
septicemia contained no K agglutinins to the
E. coli isolated from them. There was also some
evidence that the calves which survived had
usually received colostrum containing K ag-
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glutinins to the strains which had killed both
colostrum-fed and colostrum-deprived calves in
contact with them.

Because of this suggestive evidence of an im-
munological protection, further experiments were
conducted from 1950 to 1953 to establish this
more clearly (89, 90). During this period, 103
colostrum-deprived calves and 225 colostrum-fed
calves were under experiment. The E. coli strains
isolated from those calves which died of coli-
bacillosis were serologically identified, and a
record was made of the presence or absence of K
agglutinins to these E. coli in the colostrum fed to
contemporary calves which survived. Ninety-
four of the colostrum deprived calves died; 88
with colisepticemia and 6 with localized intestinal
E. coli infections. Of these deaths, 66 were associ-
ated with strains of E. coli against which K
agglutinins were present in the colostrum fed to
"in contact" calves that survived. Of the 225
colostrum-fed calves, a total of 59 died; 29 with
colisepticemia and 30 with localized intestinal
E. coli infections. Of these dead calves, 45 had
received colostrum which contained no K ag-
glutinins to the E. coli strains associated with
their deaths (90, 250). The K agglutinin content
of colostrum fed to surviving calves was not
given. Specific types of E. coli were associated
with many of the deaths in these calves. RVC101
[035:K(B)] and RVC51 [0114:K(B)] were re-
sponsible for approximately 30% of the deaths
in colostrum-deprived calves; all colostrum-fed
calves received K agglutinins against these strains
and none died from infection with them. RVC118
[09:K(A)], RVC330 [078:K80], and RVC95A
[026: K60] were responsible for the majority of
the deaths in colostrum-fed calves. It was stated
that the colostrum fed to the calves which died
of infection with these E. coli types contained no
K agglutinins against them. Unfortunately, the
K antibody levels against these strains in the
colostrum fed to surviving calves was not stated.
As a result of these studies, it has become gen-

erally accepted that specific agglutinating anti-
body against the K antigens of E. coli is the factor
in colostrum which protects the calf against
colisepticemia and other forms of colibacillosis.
However, it is doubtful whether the findings in
these studies warrant this conclusion. The fact
that the colostrum fed to surviving calves con-
tained K agglutinins against approximately 70%
of the E. coli that killed colostrum-deprived
calves is not, by itself, conclusive evidence that
the K agglutinins protected these calves. Simi-
larly, the fact that 45 of the 59 colostrum-fed
calves which died had received no K agglutinins
in the colostrum against the E. coli that killed
them cannot be fully evaluated without some

knowledge of the content of K agglutinin against
these strains in the colostrum fed to the surviving
calves. It was assumed in these studies that all
calves fed colostrum absorbed the antibodies or
globulins contained in the colostrum. It should
be noted, however, that a total of 42 colostrum-
fed calves died with coliseptiemia. In view of
present knowledge of the pathogenesis of coli-
septicemia (vide infra), it is extremely unlikely
that these calves did, in fact, absorb globulins
from the colostrum. This contributes to even
greater difficulty in the interpretation of these
studies.

It is most unlikely, however, that K agglutinins
are the factor in colostrum which protects calves
against colisepticemia, for it has been shown in
field studies that although calves normally re-
ceive in the colostrum agglutinins against the
somatic antigens of E. coli associated with coli-
bacillosis, they do not usually receive agglutinins
against the K antigens of these strains (60, 60a).
Furthermore, colostrum-fed calves are resistant
to experimental infection with serotypes of E.
coli associated with colisepticemia regardless of
the presence or absence in their serum of specific
agglutinins against these serotypes (60, 202).
Smith (202) found that the serum bactericidal

activity is of some importance in protecting
calves from colisepticemia. This was associated
with two factors-a heat-labile factor in pre-
colostral serum (complement-properdin system)
and a heat-stable factor in the colostrum (anti-
body). He found a direct relationship between the
ability of a strain to grow in precolostral serum
and its ability to produce the septicemic form of
colibacillosis when fed to a colostrum-deprived
calf. Most E. coli strains tested did not grow in
postcolostral sera and were without effect when
fed to colostrum-fed calves. However, two strains
which did grow in postcolostral sera were also
without effect when fed to these calves. Glantz
et al. (64) also compared the bactericidal activity
of the sera and the resistance of the calf. No
relationship was found.
Although specific agglutinins do not appear

to be the factor in colostrum which protects
calves against colisepticemia, there is some evi-
dence (60, 64) that the presence of specific
agglutinins in the serum of the calf protects it
from the enteric form of colibacillosis. There is
also some evidence that the vitamin A acquired
by the calf via the colostrum determines to some
extent its resistance to infection with E. coli
(56, 76, 222).
Although there are indications that the pres-

ence of specific agglutinins and bactericidal ac-
tivity in the serum of the calf confers resistance to
infection with E. coli, it is also apparent that these
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are not the sole mechanisms involved and that the
full protective nature of colostrum is yet un-
known.

SEROLOGICAL STUDIES OF E. COLI ISOLATED
FROM CASES OF COLIBACILLOSIS

The persistent isolation of E. coli from certain
conditions in animals and man led to the early
conviction that certain pathogenic strains were
involved in these diseases. However, before
the Kauffmann-Knipschildt-Vahlne serological
scheme was evolved, studies to substantiate this
belief were of little value, because of the lack of a
suitable method of identifying and recognizing
the isolated strains. Since the publication of this
serological scheme, there have been many studies
which have shown that specific serological types
of E. coli are, in fact, associated with certain dis-
eases. From reports published to date, it appears
that colibacillosis of calves is one of these dis-
eases; however, there are still many gaps in the
knowledge of the serotypes associated with this
condition. The majority of the serological studies
on E. coli isolated from cases of colibacillosis
of calves have been on strains isolated from
colisepticemia. Although there is now good
knowledge of the predominant serotypes of E. coli
associated with colisepticemia, there is little infor-
mation available of the serotypes of E. coli asso-
ciated with the enteric forms of colibacillosis.
Also, most of these studies have been concerned
solely with the serological classification of the
strains isolated. Therefore, there is very little
knowledge of the epidemiology of outbreaks of
colibacillosis in calves.

Serotypes of E. coli Associated with Colibacillosis
of Calves

In 1917, Christiansen (23) extended Jensen's
(93) earlier work in attempting to classify E. coli
isolated from scours in calves; he found that he
could not distinguish between strains isolated
from scouring calves and those isolated from
normal calves on the basis of morphological, bio-
chemical, or serological studies. On the basis of
biochemical reactions, Smith (204, 208) believed
that certain pathogenic races did exist, a view
supported in 1937 by the serological examina-
tions by Lovell on E. coli isolated from calves that
died from colibacillosis (117, 118). Lovell made
the first determination of the true nature of the
antigens of E. coli. He found that he could place
79 of 110 strains (isolated from 45 calves) into 1
of 8 K antigen types, 2 of which accounted for 46
strains. Although there were isolations of the
same type from different calves from the same
herd, it was also evident that there was often

more than one K antigen type associated with a
problem within a herd.
Wramby (251) was the first to utilize Kauff-

mann's scheme of serological typing with E. coli
isolated from calves. He made an extensive study
involving 4,262 strains isolated from 484 "sepsis"
calves and 1,699 strains isolated from 492 normal
calves, and typed them to antisera made to Kauff-
mann's 0 groups 1 to 25 and his own types 26W
to 43W which were isolated from calves. These
latter types were subsequently classified accord-
ing to the Kauffmann-Knipschildt-Vahlne scheme
by Orskov (155), and this nomenclature will be
used here. Wramby found little difference be-
tween the frequency of occurrence of the various
O groups in the intestine of "sepsis" calves and of
normal calves, with the exception of 0 group 9
which occurred with a significantly greater fre-
quency in the intestine of "sepsis" calves. In view
of the suspected pathogenesis of colisepticemia
(vide infra), this finding is not surprising. When
the frequency of 0 groups in the organs (spleen,
liver, brain, lymph nodes) and intestine of the
"sepsis" material was examined, the same 0
groups as those found in the intestine of normal
calves tended to predominate, but in a different
order; some (e.g., group 78) were markedly more
predominant. The more predominant 0 groups of
this "sepsis" material are shown in Table 1.

This first report of the use of Kauffmann's
scheme in typing serologically strains of E. coli
from colibacillosis did not lend much support to
the view that certain pathogenic strains of E. coli
were involved in colibacillosis. However, Wramby
found that 76.1% of the strains from the "sepsis"
material possessed no K antigen. Most authors
dealing with isolations of E. coli from colibacillo-
sis of calves and certain conditions in other ani-
mal species have stressed the importance of the K
antigen as an index of pathogenicity and have
found that the vast majority of their isolations
possessed K antigens. In view of the high inci-
dence of K negative strains in Wramby's "sepsis"
material, it is quite possible that calves which had
died from conditions other than colibacillosis were
sent to him for examination.

Subsequent studies (Table 1) have given more
positive evidence of the association between spe-
cific serogroups and serotypes of E. coli and coli-
bacillosis of calves (14, 28, 51, 97, 166, 240). The
number of isolates studied, the number of these
which were serogrouped, and the number of 0
group sera used, are given for each study. The
serogrouped isolates are presented to show the dis-
tribution of the individual 0 groups within the
total number serogrouped.
Where it is possible, these figures are expressed

as number of cases, each case representing a calf.
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TABLE 1. Distribution of Escherichia coli 0 groups in cases or strains which could be serotyped

No.ofNo.of ~~~~~~~~~~~~~~~~~Total
strains or straios or No. of 0 N .o

Reference cases cases o group sera Type of colibacillosis 0 group strains or
studied grouped used cases* 0 Cases or

group strains*
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I~~~~~~~~~~~~~~~~

Wramby (251) Unknown 1,167 43

129

17

130

14

Colisepticemia ?

Colisepticemia

Colisepticemia
and enteric
colibacillosis

Colisepticemia

Colisepticemia
and enteric
colibacillosis

15
8
9

117
78
45
115
18
25
20

30 other
o groups

78
15

115
8
9

117
45
26

16 other
o groups

9
8

78
4
7
2

26
55
64

4 other
o groups

78
115
86
15

117
88
7
8

20
24

10 other
o groups

78
137

9
35
15
86
103
117

2 other
o groups

214
137
109
97
54
53
49
29
26
24

371

18
15
10
6
6
6
5
4

21

9
7
6
4
4
1
1
1
1
7

29
15
10
8
8
3
2
2
2
2
10

15
7
4
4
2
2
2
1
3

40

24

13

20

10

1,167

91

41

91

40

83

Bokhari and
Orskov (14)

Ulbrich (240)

Fey (51)

Rees (166)

155

78

105

129

91

41

91

40
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TABLE 1-Cont.

No. of No. of Total
strains or strains or No. of 0 No. of ______Reference c cases| group sera Type of colibacillosis 0 group strains or

cstded groued used cases* 0 Cases orstudied | grouped1usedF { |group strains*

Kaeckenbeeck 278 221 136 Colisepticemia 78 55 41 220
and Thomas 55 50
(97) 86 28

15 20
8 9
23 6
20 5
32 3
45 $
101 8
102 $

30 other $5
o groups

Dam (28) 431 328 16 Colisepticemia 78 185 15 328
3-115 61

15 20
33-88 12

45 11
107-117 10

114 7
8-93 5

140-34 5
7-116-68 5

131 3
4 other 4
o groups

* Cases appear in Roman numerals and strains are in italics.

This is permissible as most workers have empha-
sized that the E. coli isolated from the internal
organs (excluding intestines) of a given case of
colisepticemia belong to a single 0 group. How-
ever, in the studies of Wramby (251), Fey (51),
and Kaeckenbeeck and Thomas (97), the presen-
tation of their results did not allow this, and these
results have been tabulated as number of strains.
The majority of these studies were on E. coli

isolated from the septicemic form of colibacillosis.
The studies of Ulbrich (240) and Rees (166),
however, include some E. coli isolated from the
enteric form of colibacillosis. Rees (166) has given
some epidemiological data of the E. coli in his
study and states that 078: K80, 0137: K79, and
035: K? (RVC 101) were usually associated with
a rapidly fatal septicemia, whereas the other sero-
types and 0 groups were more commonly asso-
ciated with diarrhea, although they were occa-
sionally found to be bacteremic.

Certain 0 groups occur quite commonly in most
of these studies (Table 1). This is even more ap-
parent in Table 2 in which the more frequently
occurring 0 groups have been listed with the fre-
quency of their occurrence in the various studies.

For example, if the approximate percentage dis-
tribution in the total number of strains isolated or
case studies of 0 groups 78, 45, 86, 115, and 117
is determined, the following figures are derived:
Bokhari and 0rskov, 59%; Fey, 58%; Rees,
15.5%; Kaeckeenbeeck and Thomas, 29%; Dam,
65.5%. A recent publication by Dam (29) showed
that the three 0 groups most common in his
material (O groups 78, 115, and 15) have re-
mained so from 1957 through 1961-1962, ac-
counting for 44 to 63% of the total strains isolated
in the various years. However, there is also con-
siderable variation in 0 groups isolated in the
studies and in their individual percentage occur-
rences (Table 1 and 2); i.e., 0 group 55 would ap-
pear quite important from the study of Kaeckeen-
beeck and Thomas, yet it features in few of the
other studies. Similarly, although 078: K80 is the
most frequent isolate in the above-mentioned
studies, Gossling, McKay, and Barnum (67a), in a
study of E. coli isolated from colibacillosis of
calves in Ontario, Canada, failed to find this sero-
type once, despite the fact that it has been iso-
lated from cases in Pennsylvania by Glantz (64).
Kramer (105) also gives brief mention of its iso-
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TABLE 2. Percentage distribution of the more common 0 groups in cases (or strains) 0 grouped and in total
cases (or strains) studied*

0 group

7
8
9
15
20
26
35
45
55
78
86
88
114
115
117

No. of strains or

cases studied...
No. of strains or

cases 0 grouped
No. of 0 group

.era used.......

Wramby
(25 1)t
SO

0.7
11.7
9.3
18.3
2.1

4.5

4.6

1.5
4.2
8.3

-t

1167

43

Bokhari and
Orskov (14)

CO
coo

1.1
6.6
6.6
16.5
1.1
4.4
1.1
5.5
0
19.8
0
1.1
1.1

11.0
6.6

155

91

129

Cs

0.6
3.9
3.9
9.7
0.6
2.6
0.6
3.2
0
11.6
0
0.6
0.6
6.5
3.9

Ulbrich (240)

co

9.8
17.1
22.0

2.4

CS

5.1
9.0
11.5

1.3

2.1 1.3
14.6 7.7

78

41

17

Fey (51)

so

2.2
2.2
1.1
8.8
2.2
0
0
1.1
0
31.9
11.0
3.3
0
16.5
8.8

105

91

130

Ss

1.9
1.9
0.95
7.6
1.9
0
0
0.95
0
27.6
9.5
2.9
0
14.3
7.6

* SO = strains 0 grouped; SS = total strains studied; CO
studied.

t Total number of strains could not be determined.

Rees (166)

co

10
5

10

Kaeckenbeeck
and Thomas

(97)

Cs so sS

% % %(

3.1
1.5

3.1

37.5 11.5
5.0 1.5

2.5 0.8

129

40

14

4.1

9.1
2.3
0.5
0.9
1.4

22.7
25.0
12.7
0.5

0.5
0.9

278

221

136

3.2

7.2
1.8
0.4
0.7
1.1

18.0
19.8
10.1
0.4

0.4
0.7

= cases 0 grouped; CS = total cases

lation from cases of calf colibacillosis in Western
Canada. Gossling's study involved strains from
enteric colibacillosis as well as colisepticemia, and
the most frequent isolations in her study were of
mucoid E. coli belonging to 0 groups 9 and 101
possessing A-type K antigens. As previously men-
tioned, this type of E. coli is associated with a
typical clinical and bacteriological syndrome-
the enteric-toxemic form of colibacillosis in which
colisepticemia is an uncommon finding.

Table 3 shows the strains encountered by Wood
(250) and Glantz et al. (64) in natural outbreaks
under experimental conditions. Many of the 0

groups are the same as those encountered in other
studies.
The inference drawn from the results of all

these serological studies is that the occurrence of
relatively few 0 groups in a high proportion of the
cases studied is evidence of their primary patho-
genicity for the calf. That this is not necessarily
true has been shown recently in a study of E. coli
strains from human sources (237) where it was
found that, although 0 groups 6, 75, 4, and 1 ac-
counted for approximately 60% of E. coli isolated
from urinary infections, these same 0 groups ac-

counted for approximately the same percentage
of E. coli isolated from extraurinary sources (e.g.,
purulent foci-pulmonary infections), for 72% of
E. coli contaminants of urine, and for approxi-
mately 50% of the fecal flora E. coli. Thus, this
apparent selective pathogenicity was purely a
reflection of the prevalence of these 0 groups in
the environment. Therefore, the significance of
the E. coli isolations from calves can be truly
assessed only by a comparison with the distribu-
tion of these 0 groups in the normal E. coli en-
vironment of the calf. Unfortunately, there are
few studies of this kind in the literature; those
that are available are presented in tabular form
(Table 4). The study of Sakazaki and Namioka
(181) involved isolations from abattoir material;
the age of the animals is unknown, and it is pre-
sumed that the animals were healthy although
isolations are reported from the mesenteric lymph
nodes and liver as well as the intestines. Only
those from the intestine have been tabulated.
Wramby's study (251) of 1,699 strains of E. coli
isolated from the intestines of healthy calves can-
not be included in this table, as Wramby gave no
details of the distribution of 0 groups in this

Dam (28)

Cs

1.2
1.2

4.6

0.2
2.6

42.9

2.8
1.6

14.2
2.3

co

1.5
1.5

6.1

0.3
3.4

56.4

3.7
2.1
18.6
3.0

431

328

16
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material. The frequency of occurr
groups considered significant in
cemia is generally quite low in th
terial (Table 4).

Fey's studies with the E. coli sero
emphasized this point. In his first
the isolation of E. coli from case

cemia, Fey found that 078: K80 ace
(27.6%) of the 105 E. coli stra
(Table 1). In a subsequent report (
ber of strains was enlarged to 145 o

were 078: K80. Despite this freque
078: K80 from calves dying of coli

TABLE 3. Escherichia coli 0 groul
Wood (250) and by Glantz et as
naturally occurring cases of cot

in experimental calves

o group

3 rel.
8
9
15
17
20
21
26
35
40
45
78
114
119

Others
Untypable

Total

Wood

No. of
isolations
made

29 (+4)*
1

6
18

12 (+5)*
13

13
33

134

Per cent
of total

isolations

24.6
0.7

4.4
13.4

12.7
9.7

9.7
24.6

(100%)

* Number in association with other bacteria.

ence of the 0 an examination of 8,630 strains of E. coli isolated
calf colisepti- from the intestines of healthy calves and cows

iis normal ma- and sick calves (other than colibacillosis), this
serotype was only found eight times, and none of

type 078: K80 these isolations was from calves (52). However,
report (51) of it could be found in the environment where calves
s of colisepti- were dying from infection with this serotype (54).
counted for 29 There is little significant data on serotypes iso-
Lins examined lated from the enteric form of colibacillosis;
(52), the num- therefore, such a comparison cannot be made
f which 37.5% for these strains. These strains may be part of
,nt isolation of the normal flora of the calf as is true for E. coli
isepticemia, in strains considered significant in gut edema and

hemorrhagic gastroenteritis in the pig, and for
ps isolated by Clostridium perfringens type D in sheep. There is,
1. (64) from however, another limitation to the form of the
libacillosis investigations presented above. It is evident from

the studies of Fey (51, 52) that several serotypes

Glantz et al. or biotypes were represented within the few pre-
dominant 0 groups isolated from cases of coli-

No. of septicemia. From the data presented, the main
isola- Pofr total variation occurred with the H antigens or the
tions

o oa

made isolations biochemical reactions; the K antigens of strains

within an 0 group appeared identical. The im-
9 4.0 portance of such complete serological identifica-

30 13.2 tion has been emphasized by Ewing (46) because,
10 4.4 of the very many serotypes of E. coli isolated from
11 4.9 animals which are of the same 0 group as strains
15 6.6 isolated from infant epidemic diarrhea, only a

15 6.6 very few possess completely identical antigenic
11 4.9 structure. In applying this to isolations of E. coli2 0.8 from calves, the isolation of the same 0 group
9 4.0 from normal calves, as well as calves with coli-
7 3.1 bacillosis, may mean very little since completely
9 4.0 different serotypes might be involved.
1 0.4

20 8.8 Serotypes of E. coli in E. coli Infections of Other
78 34.4 Animal Species

The association of specific serotypes and 0

227 (100%) groups of E. coli with colibacillosis has been de-
scribed above. Specific serotypes and serogroups

.

Of E. coli are also associated with other diseases in

TABLE 4. Percentage distribution of the 0 groups most frequently associated with colibacillosis in
Escherichia coli isolated from healthy calves

a .o O group

oo U

C~~~~~~~~~~CCn' (. x U t

CD0 7 8 9 15 20 26 35145 55 78 86 88 114 115 117

185 1,095 79 15 NT* 0.36 0.55 0.7 1.3 0.7 NT NT 0.36 0.91 0.18 NT 0.36 0.27 0.55 0.91
240 36 6 17 2.8 2.8 2.8 NT NT 0 NT NT 0 0 NT NT NT NT 0 11.1
181 3301 115 1128 l0 6.6 11.2 1.2 0 0 0.60 l0.3;0 0l l l o 13.0022.4

* NT = not tested for. The numbers express the percentage of total strains of each 0 group
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which E. coli is believed to play a significant role.
In general, the serotypes isolated from these con-
ditions are host- and disease-specific; that is,
they are seldom isolated from other "E. coli dis-
eases" in other animal species. There are a few
notable exceptions to this statement. However,
much of the apparent nonspecificity reported in
earlier studies has subsequently been shown to be
false and the result of incomplete serological
typing.
From a limited number of reports of colisepti-

cemia in lambs, the 0 groups and serotypes in-
volved appear much the same as in calves and
include 078:K80 (82, 99, 167, 172, 173, 240).
078: K80 is also of some importance in salpyngitis
and colisepticemia in poultry along with other
serotypes in 0 groups 78, 1, and 2 (38, 65, 72,
218), the latter two being of little significance in
calves. Mucoid E. coli strains belonging to 0
group 9 and possessing A-type K antigens have
been isolated from Hjarres granuloma (240, 251);
similar strains are associated with the enteric
toxemic form of colibacillosis in calves.

In pigs, in addition to colibacillosis of piglets,
E. coli is associated with two other conditions,
gut edema and coliform gastroenteritis, which
generally occur in the 8- to 12-week age group and
generally follow some change in management such
as weaning. Of the three diseases, gut edema and,
to a lesser extent, coliform gastroenteritis have
received most attention, but it is not the purpose
of this paper to review fully these two conditions.
Briefly, however, there appears to be more than
a casual relationship between these two condi-
tions; although they are manifest in different
clinical syndromes, they share the same age inci-
dence, occur under similar management and en-
vironmental conditions, and often the same sero-
types are isolated from both diseases.

Shortly after it became apparent that hemo-
lytic E. coli might play a part in edema disease,
Sojka, Erskine, and Lloyd in 1957 (216) made the
first serological examination of such strains and
found that the vast majority could be serotyped
with only two OK sera. Numerous reports of sero-
logical typing of E. coli from both gut edema and
gastroenteritis followed (71, 91, 102, 105, 125,
149, 168, 170, 174, 217, 219, 249). From these
studies, it is evident that the majority of E. coli
isolated from these two diseases fall into one of
four main 0 groups, 0138, 0139, 0141, and 08,
in which there are several subgroups. The typing
of these strains according to the Kauffmann-
Knipschildt-Vahlne scheme has been mainly car-
ried out by Ewing, Tatum, and Davis (45), F.
Qrskov et al. (145), and I. Qrskov et al. (146), and
the serotypes identified so far in these 0 groups
are 0138:K81(B):H14 or 4 or 8 or NM; 0139:

K82(B):H1; 0141:K85ab - ac(B):H4, 0141:
K85ac(B) :NM; 0141 :K85ab(B)K88(L) :H4;
08:K87(B?)K88(L):H19; and a related strain,
0?:K87(B?):H45. There are considerable anti-
genic relationships among these strains which
are explained in the publication of I. Qrskov
(146). The serotype in 0 group 8 is not commonly
associated with edema disease, but, with this one
possible exception, these serotypes are found to be
common to both edema disease and coliform
gastroenteritis; the predominance of any one
serotype appears to vary with the country or area
of isolation (249).
Although these serotypes are usually isolated

in pure culture from the intestines of pigs dead of
edema disease or coliform gastroenteritis, they
may also be found in low numbers in the feces of
normal pigs as part of the normal E. coli flora (20,
126, 149, 174, 216, 217). They are often found in
high percentage in the E. coli of the fecal flora of
litter mates of pigs dead of edema disease (116,
174), which is probably a reflection of the normal
increase in their percentage numbers which
occurs at weaning (19, 226). However, this in-
crease in number is not limited to only these sero-
types; a temporary increase in the total E. coli
flora also occurs at this time (152, 246). Since
these serotypes form part of the normal fecal flora,
it is not surprising that these diseases cannot be
reproduced by oral dosing with them (41, 116,
149). However, edema disease can be reproduced
by the intravenous inoculation into normal pigs
of a supernatant fluid of the lower intestinal con-
tents of pigs with edema disease, or by extracts of
these serotypes grown in vitro (42, 62, 68, 69, 70,
225, 234, 235, 236); the supernatant fluid of bowel
contents of normal pigs or extracts made from E.
coli other than these serotypes do not produce
this syndrome. The toxic factor has been studied
chemically and immunologically (31, 70, 190,
225), but its exact nature is as yet unknown.
Buxton and Thomlinson (19, 231, 232) are of the
opinion that these two conditions are not the re-
sult of a direct toxic action, but are mediated by
an anaphylactic reaction to the toxic factor.
There is not as much in the literature regarding

serotypes isolated from piglet colibacillosis; how-
ever, it is apparent that some of the serotypes
associated with gut edema and coliform gastro-
enteritis are involved to some extent, because the
serotypes 08:K87(B?)K88L:H19, 0138:K-81
(B), 0139:K82(B), 0141 :K85ab(B)K88(L) :H4,
and also 0133:K88(L):Hl9 have been isolated
from septicemia, or enteritis, or both in piglets
(126, 174, 182, 219). However, this emphasis on
the importance of these serotypes may be some-
what biased, because, apart from the study of
Saunders et al. (182), these studies dealt purely
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with hemolytic E. coli and, hence, might tend to
exaggerate the importance of these serotypes. E.
coli strains belonging to 0 group 8 have also been
isolated by Ulbrich from piglets (240) and by
Leece and Reep (112) from colostrum-deprived
piglets. Ulbrich also found 0 group 9 of some im-
portance as did Pesti (150); this 0 group along
with 0 groups 21 and 28 was most predominant
in enteritis and septicemia, whereas they were
seldom found in the fecal flora of normal piglets.

In man, an analogous condition to enteric coli-
bacillosis of calves occurs in infants under 1 year
of age from which various subgroups of the
serotypes 026:K60(B6), 055:K59(B5), 0111:
K58(B4), 0127:K63(B8), and 0128:K67(B12)
are commonly isolated (39, 43, 228). Other sero-
types not listed here are less commonly incrimi-
nated [for a complete list of serotypes involved,
see Edwards and Ewing (39)]. Many of these
serotypes, or serotypes of similar antigenic struc-
ture (46), have been isolated on occasion from
cases of calf colibacillosis (22, 63, 143, 165, 169,
239, 240, 250), but, except for 026:K60(B6),
086:K61(B7), and possibly 055:K59(B5), they
do not appear to be significant pathogens for
calves. The disease in man is restricted to enteri-
tis, bacteremia, or septicemia, being extremely
rare in these cases.

Epidemiology of Colibacillosis in Calves

Epidemiological studies have shown that many
of the human serotypes mentioned above are
capable of spreading and actually causing epi-
demics of diarrhea in nurseries and hospitals (80,
223, 224). If evidence of this kind were available
from field outbreaks of colibacillosis, it would
provide convincing evidence of the pathogenicity
of certain strains of E. coli for calves. Although
there are numerous reports of the epidemic and
contagious quality of field outbreaks of coli-
bacillosis, there are few in which these observa-
tions are confirmed by serological typing.
The first studies of an epidemiological nature

(88, 89, 90, 178, 250) were conducted on the ex-
perimental calves used in the previously men-
tioned studies of Aschaffenburg and co-workers.
Calves deprived of colostrum were obtained from
approximately 30 farms in the surrounding area.
They were brought into the calf house and placed
in 1 of 13 individual pens where they stayed until
they died or were taken off the experiment at
21 days of age. The pens were disinfected between
succeeding calves, and the experiment was dis-
continued over the summer of each year. On ar-
rival, the calves were either fed colostrum or left
deprived of it, the basic feed being a synthetic
milk (1). It was found that "white scour infec-

tions" developed spontaneously, but their inci-
dence and the incidence of deaths increased as the
period of occupation of the calf house increased.
It was believed that this was due to a natural
selection of virulent strains conditioned by the
calves' lack of antibody to these strains, resulting
in a buildup of infection. This could be shown by
the pattern of the serotypes isolated from the
dead calves and feces of the live calves; at the
beginning of the experiment a heterologous group
of E. coli were present, but, as the occupation
time increased, certain serotypes became domi-
nant. The serotypes which became predominant
were not the same every year, and, even within the
same year, different serotypes would predominate
during different periods of time. This buildup of
virulent strains could be halted by leaving the
calf house empty for a period of time after which
a heterologous group of E. coli were once again
present.

Glantz and co-workers (64) have since reported
on another "natural" outbreak of scours in experi-
mental calves. This was also conditioned by
colostrum-deprived calves. The majority of the
colostrum-deprived calves in this study scoured
and died, and the same strains were isolated from
the organs of these dead calves as had been iso-
lated at some time from their feces while they
were scouring, although other strains were also
isolated from the feces. The majority of colostrum-
fed calves scoured but survived. Although there
were several serotypes isolated from both sets
of calves, two serotypes predominated-08:K?:
NM and 0119:K69(B):H9. It was also found
possible to reproduce this disease experimentally
in both colostrum-deprived and colostrum-fed
calves by oral feeding of these serotypes, which
generally resulted in scouring and death, although
the deaths occurred mainly in the colostrum-
deprived group.
Both of these experimental studies suggest that

the occurrence of field outbreaks of colibacillosis
due to a single serotype is quite feasible, and that
the isolation of the same serotype from a number
of different calves would be a significant indica-
tion of its importance as an etiological agent in
the outbreak. This is true, providing it can be
first established that the repeated isolation of a
given serotype from an outbreak of colibacillosis
is truly a reflection of its selective pathogenicity
and not merely a reflection of the natural or
normal dominance of that serotype in the fecal
flora of the calves at that particular time. There
are two sets of evidence for the belief that these
isolations would be indicative of the selective
pathogenicity of the serotype. The first is the
frequency with which isolations are made of cer-
tain serogroups and serotypes of E. coli from cases
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of colibacillosis in comparison to the frequency of
their isolation from normal calves, as has been
previously shown. The second results from the
study of Smith and Crabb (197) on the normal
fecal flora of calves and the relationship between
the fecal flora of healthy calves in close contact in
the same environment. In this study, it was found
that the dominant phage type of E. coli in the
intestinal flora of any one calf was not usually the
dominant type in the flora of other calves in the
same environment.

Thus, the significance of a single serotype field
outbreak of colibacillosis would seem quite
credible; however, there is little in the literature
either to confirm or refute this.

Lovell (118) reported the isolation of E. coli
possessing the same K antigen from several cases
of colibacillosis in a single herd; however, other
E. coli types were also responsible for some of the
calf deaths in this herd. Rees (166) was able to
isolate the same serotype of E. coli from two
calves in each of five herds. The time interval be-
tween the deaths of the two calves in a herd
varied up to 6 weeks. In contrast to this, Kaecken-
beeck and Thomas (97), who studied isolations
made from two to four calves received from each
of five herds during periods varying up to 14
months, found little evidence that a single sero-
type of E. coli was associated with the deaths in a
herd. It was not stated whether each isolation
represented a separate outbreak or whether the
problem had continued over the interim period
of several months. Ulbrich (239) reported the
isolation of 055:B5 from several calves dead of
colisepticemia which came from a single herd.
The results of a study involving two or more
calves from each of 35 farms have been reported
by Dam (28) and give some support to the occur-
rence of single strain outbreaks of colisepticemia.
In herds where calves were submitted for examin-
ation within 50 days of each other, the strains
isolated generally belonged to the same 0 group,
whereas isolations made at longer periods more
often fell into different 0 groups. The majority
of the single 0 group outbreaks were associatd
with 0 group 78.
The isolations of E. coli in the studies men-

tioned above were primarily from calves dead
with colisepticemia, and few data are presented
regarding the morbidity or mortality in the herds
from which they were received. Recently, I at-
tempted to classify serologically all strains of E.
coli isolated from cases of colibacillosis, both
enteric and septicemia, that occurred during ap-
proximately a 12-month period in several herds
which had a previous history of colibacillosis
(60b). Unfortunately, the incidence of this dis-
ease in most of the herds during the period was

low; however, it did appear in this study that an
individual strain of E. coli was responsible for
only a limited outbreak of colibacillosis involving
only a few calves over a few weeks at any one
time; subsequent other cases or outbreaks in the
same herd were associated with a different strain.
The factor limiting these outbreaks could not be
determined; however, it was not associated with
the presence or emergence of any demonstrable
antibody to the strain involved in the sera of sub-
sequent calves which remained healthy.

In contrast to the evidence in the studies above,
Smith and Crabb (197) could find no evidence of
the association of an individual strain of E. coli
with outbreaks of "calf scours." Using a set of 16
bacteriophage to identify E. coli strains isolated,
they studied intensively an outbreak of calf
scours. They isolated 70 phage types from the
feces of healthy calves and 23 phage types from
the feces of a smaller number of scouring calves of
which only one type was not found in the types
from healthy calves. They could find no signifi-
cant difference in the number of types found in
the feces of a scouring calf compared with those
in a normal calf, and showed that the type could
even change during the scour period. The type
most predominant during the scour period was
often present before scouring and was invariably
present for some time after. On examining speci-
mens from other herds, they could find no evi-
dence that any one type was associated with
scours in any herd at a particular time. On the
basis of these results, they stated that less empha-
sis should be placed on scours being caused by
specific strains of E. coli. They believed it more
likely due to an upset of host-parasite relation-
ship as was postulated by Lovell (119). Unfor-
tunately, there has been no correlation of the
phage types of Smith with the serotypes of Kauff-
mann. Although there are often several bacterio-
phage types among strains of the same serological
type, it would be expected that a true single strain
outbreak would be associated with a single phage
type. However, Smith has since reported the iso-
lation of a single phage type from an outbreak
(198).

Conclusions on Serological Investigations

Specific serotypes of E. coli are associated with
certain diseases in animals and man. The evi-
dence of this association in colibacillosis of calves
has been presented. The majority of serological
studies on E. coli isolated from calves has been on
strains isolated from the septicemic form of coli-
bacillosis. It is now evident that certain serotypes
and 0 groups of E. coli are commonly associated
with this syndrome. There have been few sero-
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logical studies on E. coli associated with the
enteric forms of colibacillosis and the serotypes
associated with these syndromes are, therefore,
largely unknown. This is partly owing to the diffi-
culty in determining the etiological significance of
an isolation of E. coli from the intestine of a scour-
ing calf. The clinical and bacteriological syndrome
associated with the enteric-toxemic form of coli-
bacillosis is sufficiently distinctive to allow its
differentiation from other causes of calf death.
Thus, it is probable that future studies will es-
tablish more clearly the serotypes of E. coli asso-
ciated with this syndrome. However, there is at
present no means by which the enteric form of
colibacillosis can be differentiated from other
causes of diarrhea in calves. Because of this, no
great significance can be placed on reports of the
isolation of given serotypes of E. coli from the in-
testine of individual scouring calves. If a sufficient
number of such isolations were made, it is possible
that a comparison of the incidence of a given
serotype in this material with its incidence in E.
coli isolated from the intestines of healthy calves
might give an indication of its pathogenicity.

It is probable that the serotype of E. coli asso-
ciated with the enteric form of colibacillosis will
be more easily determined by epidemiological
studies of outbreaks of calf diarrhea. There is
some evidence to suggest that the isolation of a
single serotype of E. coli from multiple cases of
scouring within the same herd would be an indi-
cation that it is the causative agent of the diar-
rhea. Further knowledge is required of the rela-
tionship between E. coli in the intestines of
healthy calves kept in the same environment be-
fore such studies can be fully evaluated.
The surest method of determining the patho-

genicity of a serotype of E. coli is to test, by ex-
perimental infection, its ability to reproduce
diarrhea in calves.

FACTORS WHICH INFLUENCE PATHOGENICITY
OF STRAINS OF E. COLI

It is evident that the disease colibacillosis, es-
pecially colisepticemia, cannot be accounted for
entirely by the suggestion that it is caused by a
few pathogenic strains (Table 2). This does not
negate the possibility of pathogenic strains as
yet unidentified in the untypable material nor
the fact that the pathogenicity of a strain is prob-
ably not absolute and that "non-pathogenic
strains" may achieve a degree of virulence be-
cause of a lack of "immunity" to them. Unfor-
tunately, the factors associated with virulence of
a strain are unknown, and there is no in vitro test
that will detect these strains. For example, the
susceptibility to serum bactericidal activity (128)

or to phagocytin (138) cannot be directly corre-
lated with pathogenicity. Similarly, routine in
vivo tests, such as pathogenicity for laboratory
animals (16, 35, 113, 137, 189, 210, 211, 240) or
chick embryo (87), appear to be of little value
in this respect, because there is a wide variation
and overlapping in lethal dose between serotypes
considered to be pathogens and normal strains
from healthy sources. These tests do show, how-
ever, that the presence of K antigen is associated
with a markedly increased virulence over the K
negative form. Individually, the 0 and K anti-
gens of a pathogenic serotype have no relation-
ship with virulence-that is, if they are in com-
bination with different antigens, the different
serotype is not necessarily virulent. A possible
exception to this statement is the K antigens of
the serotypes isolated from gut edema and coli-
form gastroenteritis of pigs. There are even varia-
tions within a serotype; some strains may be
highly pathogenic and others are virtually non-
pathogenic (46, 228). Similarly, serotypes which
are associated with certain diseases in one type of
animal are, with some exceptions, not of impor-
tance in other animal species. The toxicity of the
group is, in part, associated with its endotoxin;
however, this is qualitatively common to all E.
coli (81, 230).

Recently, an in vivo test was described which
held some promise for the identification of entero-
pathogenic strains (32, 227, 229). This involved
the injection of living cultures of E. coli into an
isolated loop of rabbit small intestine. The rab-
bits were killed 24 hr later, and the enteropatho-
genicity of the strains was assessed according to
the severity of the reaction of the gut. There was
considered to be a good correlation between
enteropathogenicity and severity of reaction with
respect to strains isolated from cases of infant
epidemic diarrhea, because strains from urinary
infections and strains which possessed the same
antigenic structure as the enteropathogenic
strains, but which were isolated from healthy
babies or well-water, gave negative results to the
test. The correlation with respect to strains from
colibacillosis, however, is not so definite, although
the serotypes 078: K80:NM, 026: K60:H11 and
0137: K79: H41 were positive to this test,
09: K?: H19 and four other strains from the isola-
tions of Rees (166) were negative. In this study,
strains from cases of gut edema of pigs were also
negative; however, more recent studies (136, 138)
have shown positive results with gut edema
strains. Furthermore it has been shown that
strains isolated from the small intestine of pigs
dead of transmissible gastroenteritis (a viral dis-
ease) were positive to this test (136, 138). In view
of these findings, the competence of this test ap-
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pears dubious as a means of assessing the patho-
genic importance of strains of E. coli isolated from
colibacillosis in calves.

EXPERIMENTAL REPRODUCTION OF
COuIBACILLOSIS IN CALVES

The obvious test for pathogenicity of a strain
of E. coli is its ability to reproduce the same dis-
ease in the animal species from which it was iso-
lated. Limited studies in man have shown that
strains isolated from infant epidemic diarrhea
have the ability to cause diarrhea, when fed in
sufficient numbers, in adults (48, 49, 96) as well as
infants (139). In adults, as in infants, infection is
usually followed by a rise in titer against the
somatic antigen of the strain (40, 49, 140, 224).
The feeding of nonpathogenic strains has no effect
and causes no rise in antibody titer.
The first report of the reproduction of coli-

bacillosis in young calves was by Jensen (93), who
produced a mild diarrhea by feeding them milk
containing cultures of E. coli isolated from dead
calves. The severity of the diarrhea could be
markedly increased by feeding intestinal irritants.
In contrast, Poels (160), Smith and Orcutt (208),
McEwan (133), and Van Pelt et al. (241) failed in
their attempts to reproduce this condition. Wil-
liams et al. (247) also failed to reproduce calf
scours and have criticized Jensen's work, because
no data concerning the feeding of the calves was
given-their "colostrum status" is unknown-
and the controls also scoured. The serological
identities of the strains used in the above experi-
ments are not known.

In 1959, Glantz et al. (64) reported an intensive
study of the experimental reproduction of the
disease. The strains of E. coli used were isolated
from a natural outbreak of colibacillosis in experi-
mental calves. During this outbreak and subse-
quent experiments, it was possible to demonstrate
the transmission of many of these strains from
scouring calves to in-contact calves which re-
sulted in scouring. This transmissibility was most
evident for the two types, 08: K:NM(Ps56) and
0119:K69(B) :H9. Further experiments with
the strain 08:K: NM(Ps56) showed that it was
possible to infect experimentally both colostrum-
deprived and colostrum-fed calves; contact
transmission to colostrum-fed calves was also
demonstrated. Six other strains were fed to
colostrum-deprived calves, but only two of these,
Ps219G (related to 0 group 3) and 0119: K69(B):
H9, caused scours and death. None of these
strains had the ability to reproduce the condition
in colostrum-fed calves. Colostrum-deprived
calves which were left as unchallenged controls
remained normal. From an examination of the

dam's sera and colostrum and calf sera for agglu-
tinins against the 0 antigen of the respective
strains, it was stated that there was a direct rela-
tionship between the presence of agglutinins and
the resistance of the calf. No such relationship
existed between the presence of bactericidal ac-
tivity in the calf sera to a strain and the suscepti-
bility of the calves to infection with that strain.
There were no determinations made of antibody
against the K antigens. In an earlier paper, these
authors (37) reported the reproduction of coli-
bacillosis with scouring and death in both
colostrum-deprived and colostrum-fed calves
with the strain Ps125M [026:K60(B)].

Similar results have been published by Scho-
enaers and Kaekenbeeck (183), who were able to
reproduce colisepticemia in calves deprived of
colostrum by feeding them the serotype 0137:
K79: K41 (RVC1787) plus crude endotoxin. The
colostrum from cows vaccinated with this sero-
type protected the majority of the calves to
which it was fed against infection with this
serotype (184). It was stated that the colostrum-
fed calves which died of colisepticemia had re-
ceived the least amount of antibody; however,
this is not evident from the table in the paper,
and the antibody titers shown do not include
those against the K antigen. Unfortunately, the
resistance of calves fed a "nonimmune" colostrum
to infection with this serotype was not deter-
mined.
Fey (56) was unsuccessful in his efforts to re-

produce the disease by feeding colostrum-fed
calves with 078:K80, except for the appearance
of a temporary dysentery, although this serotype
would easily kill colostrum-deprived calves.
Greater success was achieved by infecting the
calf as soon as possible after birth and with-
holding the colostrum until several hours later.
Dam (30) was also able to produce colisepticemia
in colostrum-deprived calves with this serotype;
however, only two of seven calves fed colostrum
and exposed to this serotype died with colisepti-
cemia. Dam also had some success in infecting
colostrum-deprived calves with a strain belonging
to 0 group 115, which is also frequently isolated
from field cases of colisepticemia, but he was not
able to kill colostrum-fed calves with this strain.
An attempt was made (60c) to reproduce coli-

bacillosis both in calves deprived of colostrum and
in calves fed colostrum, the latter being either
from "normal" cows or from cows vaccinated
with an oil-adjuvant vaccine prepared from the
challenge strains of E. coli. The first attempts
were with the strains 09:K(A)RVC118, 0101:
K(A)RVC118 and 09:K(A)Ps274, which are
strains isolated from the enteric-toxemic form of
colibacillosis, and were unsuccessful. Further at-
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tempts were made with the serotype 0137: K79:
H49 (RVC1787). All colostrum-deprived calves
challenged orally with this strain died with coli-
septicemia within 24 to 48 hr. RVC1787 was iso-
lated in pure culture from the internal organs of
these calves. Contact transmission from a colos-
trum-fed calf fed this strain and scouring with it
to colostrum-deprived calves which died of coli-
septicemia was also demonstrated. Colostrum-fed
calves were also infected and scoured with this
strain. However, no cases of colisepticemia oc-
curred in these calves. Some of these colostrum-
fed calves were exposed to infection by placing
them in an environment contaminated with this
strain. The most important factor in the suscepti-
bility, or resistance, of these calves to infection
was the ability, or inability, of the strain to es-
tablish itself in the intestinal flora. Once estab-
lished, its ability to cause scouring appeared to
rest on the presence or absence of specific agglu-
tinins to this strain, although this relationship
was not definitely established.

Smith (202) also reproduced colisepticemia in
calves deprived of colostrum. However, in con-
trast to Glantz et al., he found the bactericidal
activity of the serum of some importance, for he
was able to reproduce colisepticemia only with
phage types of E. coli which grew in precolostral
sera, whereas those which failed to grow in this
serum were without effect when challenged to
colostrum-deprived calves. He was unable to pro-
duce colisepticemia or scouring in colostrum-fed
calves challenged with several phage types of E.
coli isolated from field and laboratory cases of
scours.

PATHOGENESIS OF COLIBACILLOSIS IN CALVES

From these publications, it is obvious that there
is no difficulty in experimentally reproducing coli-
septicemia in calves deprived of colostrum, pro-
viding they are challenged with the invasive
strains of E. coli. In view of this, perhaps one of
the more significant publications on colibacillosis
published recently is that of Fey and Margadant
(55), who found from an examination of 22 calves
dying of colisepticemia that all 22 were either
agammaglobulinemic or markedly hypogamma-
globulinemic. This prompted a study of healthy
calves of the same age group (1 week); approxi-
mately 11% of these calves were found deficient
in 'y-globulins. Fey (56) believed this deficiency
in y-globulins to be a major factor in the inci-
dence and pathogenesis of colisepticemia in
calves, because such calves would be susceptible
to infection with the more invasive strains of E.
coli. This hypothesis is extremely attractive in
view of the age incidence of colisepticemia and of

the relative ease with which colisepticemia can
be reproduced in calves deprived of colostrum in
comparison with the general inability to repro-
duce it in calves fed colostrum. Smith (202) has
also observed that some calves thought to have
been fed colostrum possessed very low levels of
y-globulin, and variations have been found in the
y-globulin levels of calves fed colostrum (60).
Some of those with low levels died of colibacillosis.
The reason for such variation in the y-globulin

content of various sera cannot be fully explained.
As mentioned previously, the mechanism allow-
ing, or inhibiting, the absorption of proteins
through the intestinal wall of the young calf is
unknown, and, although it is known that such
absorption ceases 24 to 36 hr after birth, there is
little knowledge of the relative absorptive ca-
pacity of the intestine at any given time during
this 24 to 36 hr. Fey (56) believed the deficiency
of y-globulins in a calf was due to the early failure
of the intestine to absorb globulins, although
mention was made of the practice in Switzerland
of withholding the colostrum from the calf until
after the dam had passed the placenta. Whatever
the cause of the deficiency, it is probably quite
significant in the pathogenesis of many cases of
colisepticemia. However, Fey has also shown that
calves, from which colostrum was withheld for
several hours following oral challenge with E.
coli 078: K80, developed and died of colisepti-
cemia despite having subsequently acquired
normal serum levels of 7y-globulin. It should be
stressed that the majority of the serological
studies on E. coli isolated from cases of colibacil-
losis presented earlier in this review (Table 2)
were on isolations made from cases of colisepti-
cemia. The majority of these isolations fell into
comparatively few 0 groups or serotypes; these
serotypes predominate probably because of their
capacity to invade, and because they are resistant
to the bactericidal effect of precolostral sera.
There is very little bactericidal activity in pre-
colostral calf sera against smooth gram-negative
organisms (238). Outbreaks of colisepticemia
caused by one of these strains are probably the
result of early infection of the calf, while it is still
agammaglobulinemic, from a contaminated en-
vironment. From bacteriological examination of
cases of colisepticemia, it is evident that invasion
need not necessarily occur from the intestinal
flora, but may occur via the navel or even from
other areas such as the nasal or pharyngeal
mucosae (28, 53, 56). The factors associated with
invasiveness in E. coli and the mechanisms by
which they invade are as yet unknown. However,
this does account for many of the cases of coli-
septicemia in which the septicemic strain cannot
be found as part of the intestinal flora. The con-
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tamination of the environment in these cases
occurs via the urine (56).

Experimental calves that have been fed colos-
trum and have absorbed Sy-globulins are resistant
to "septicemic invasion" by E. coli, but, as men-
tioned previously, if infection and bacteremia
precede the feeding of colostrum, the calf may die
of colisepticemia despite its absorbing y-globulins
to normal or near-normal levels. The factors asso-
ciated with resistance to the septicemic form of
colibacillosis in the colostrum-fed calf are un-
known. Resistance does not appear to be asso-
ciated with agglutinating antibody, since many
healthy calves in the field are devoid of demon-
strable agglutinins against E. coli strains asso-
ciated with colibacillosis. Those calves that do
possess agglutinins against these E. coli strains
generally only possess agglutinins against the
somatic antigens, for although most calves re-
ceive antibody against these antigens in the
colostrum, few receive agglutinins against the K
antigens of these bacteria (60). Furthermore,
E. coli strains which produce colisepticemia when
fed to colostrum-deprived calves do not produce
colisepticemia when fed to colostrum-fed calves,
regardless of the presence or absence of 0 and K
agglutinins in the calves' sera (60, 202). The
serum bactericidal activity also appears to play
no part in this resistance (64, 202).

Calves fed colostrum are susceptible to the
enteric forms of colibacillosis; however, almost
nothing is known of the pathogenesis of these in-
fections. In the enteric-toxemic form of coli-
bacillosis, which is associated with one or other
of several strains of mucoid E. coli possessing
A-type K antigens and which generally belong to
O groups 8, 9, and 101, the clinical course of the
disease is very short; death occurs within a few
hours of initial symptoms and appears to be
associated with a massive proliferation of these
strains in the small intestine. It is not unlikely
that this syndrome is a result of absorbed endo-
toxin, as it resembles in several features that seen
when purified endotoxin is given intravenously to
calves. This syndrome has not been reproduced
by oral feeding of these strains to calves. They
may form part of the intestinal flora without ill
effect. The factor which allows or initiates their
sudden multiplication in cases of colibacillosis is
unknown.
With respect to the enteric form of colibacillo-

sis, there is not much in the literature which con-
firms the ability of E. coli to produce diarrhea in
calves. Undoubtedly, there are many causes, both
known and unknown, of scouring in calves, of
which E. coli is only one. The problems asso-
ciated with assessing the significance of an isola-
tion of E. coli from a scouring calf have been

dealt with earlier. Also, most of the serological
studies on E. coli isolated from calves have been
concerned with colisepticemia. However, there is
evidence that certain strains of E. coli are capable
of causing scouring in the calf (60, 64, 198, 67a),
which is not without precedent, as it is well
known that certain strains of E. coli can produce
this syndrome of enteric colibacillosis in infants.
Probably one of the more important factors in
determining the susceptibility or resistance of the
calf to infection with these strains is the ability,
or inability, of the strain to establish itself in the
intestinal flora (60c). Once established as part of
the intestinal flora, these strains, through some
mechanism, are able to initiate an enteritis.
There is also some evidence that specific antibody
will protect the calf against this action of these
strains.

Although these three types of colibacillosis
have been dealt with as separate entities, they
are not mutually exclusive. With the enteric-
toxemic form, infection and depression often
occur shortly after birth so that the calf remains
deficient or poor in -y-globulins. In these circum-
stances, invasion by a different strain of E. coli
with resultant colisepticemia often occurs which
may confuse or obscure the actual cause of the
calf's death. Similarly, early infection by strains
capable of producing the enteric form of coli-
bacillosis, or other agents causing scouring, may
result in a deficient absorption of y-globulins
predisposing the calf to colisepticemia at the
same or a later time.

SUMMARY
An attempt has been made to examine the role

played by E. coli in neonatal disease of calves.
This disease, colibacillosis, has been divided into
three syndromes which, on the basis of probable
pathogenesis, can be considered as three distinct
entities. There is still very little knowledge of the
mechanisms by which E. coli produces these
syndromes in calves or of the mechanisms by
which the calf is protected from them.
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